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[57] ABSTRACT 

A telescopic pick-and-place robotic mechanism used to 
retrieve and deposit magnetic tape cartridges from a 
remote position, configured to be mounted to a typical 
robotic assembly located in proximity of a storage area 
for computer data or other storage media. The present 
invention has a reduced cross-sectional area due to its 
telescopic nature. 

The pick-and-place mechanism includes a base con- 
nected to the robotic arm and a number of slider plates 
coupled to the base which telescopically extend and 
retract relative to the base in a single axis of movement 
to reach the remote location. The slider plates are cou- 
pled to each other by slider means for enabling each of 
the slider plates to translate relative to each other along 
the single axis of movement. Each slider plate is con- 
trolled by a crank and slider mechanism which converts 
a incoming rotational force to a linear force in the direc- 
tion of the single axis of movement The mechanism is 
driven by a servo motor which is coupled to the base 
and outputs the necessary rotational force. A gripper 
mechanism is connected to at least one of the slider 
plates holds and releases the cartridge translates it on 
and off mechanism. 

14 Claims, 11 Drawing Sheets 
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invention is configured to be mounted to a typical ro- 
TELESCOPIC PICK-AND-PLACE ROBOTIC botic assembly located in proximity to a storage area for 

MECHANISM computer data or other storage media. 

BACKGROUND OF THE INVENTION 5 ™* ^1 r!** ,T 

nected to the robotic arm and a number of slider plates 

1. Field of the Invention coupled to the base which telescopically extend and 

This invention relates generally to robot arm systems retract rektive t0 the base k a ^ e ^ 0 f movement 

and, more particularly, to robotic arm pick-and-place toreacharem ote location. The shder plates are coupled 
mechanisms. 4 , . , ... c * , i\, 

2 Related Art 10 63 other by slider means for enabling each of the 

Robotic storage libraries for computer data have & det P^ tes to translate relative to each other on a 

been designed to provide automated Ham storage and single axis. Each slider plate is controlled by a crank 

retrieval at a reasonable cost. One of the characteristics and slider mechanism which converts an incoming rota- 

of the storage library which affect this overall cost is tional force to a linear force in the direction of the single 

storage capacity; that is, dollars per gigabytes stored 15 axis of movement. The pick and place mechanism is 

The storage capacity is influenced by the size of the driven by a driver means which is coupled to the base 

media storage device, robotic hardware, and electrical md ou ^ uts ^ necessary rotational force to extend and 

support devices. One of the more cor^iderable contnb- ft ^ k ^ mechanism con . 

utors to the overall storage capacity is the sue of the A JA - K _ , t .T * - , - , „ 

operating envelope of the pick-and-place mechanism 20 nected to at least one of the slider plates is also included, 

used to retrieve and replace the objects, typically com- The S^PV^ mechanism holds and releases the magnetic 

puter tape cartridges, from the their stored position. tape cartridge and translates it onto and off of the pick 

This is because the pick-and-place mechanism is essen- and place mechanism. This enables the pick-and-place 

tially added to the volume of each media storage device mechanism of the present invention to operate with a 

since the pick-and-place mechanism must be swept 25 sul gi e driver means to perform the gripping and sliding 

through its path of travel and be positioned to access functions, thereby reducing its operating envelope and 

each storage cell position. weight 

Conventional robotic pick-and-place mechanisms Further features and advantages of the present inven- 
have utilized a gnpper mechanism to grab onto the unu W iwmuw «iu auvauiogra w piwm mvcu 
magnetic tape cartridge, and a slider mechanism to 30 *°*> as well as the structure and operation of various 
convey the gripped magnetic tape cartridge into or out embodiments of the present invention, are described in 
of the pick-and-place mechanism. This configuration detail below with reference to the accompanying draw- 
requires a large operating envelope due to the use of ings. In the drawings, like reference numbers indicate 
two separate mechanisms, the gripper mechanism and identical or functionally similarly elements. Addition- 
the slider mechanism, to retrieve and replace the mag- 35 ally, the left-most digit of a reference number identifies 
netic tape cartridge, with each having an associated th e drawing in which the reference number first ap- 
servo system to control the motions of the mechanism. pears 
This results in a pick-and-place mechanism having a 

large design envelope which impacts the storage den- BRIEF DESCRIPTION OF THE DRAWINGS 

sity of the storage library. Typically, the storage density 40 . .„ . . _ , . , , 

of storage library systems using conventional pick-and-_ P resent mention will be described with refer- 

place mechanisms is approximately 63 cartridges per ence t0 tne accompanying drawings, wherein: 

square foot. FIG. 1 is a block diagram of the automated magnetic 

What is needed is a robotic pick-and-place mecha- tape cartridge library system; 

nism which has a minimal operating envelope, thereby 45 FIG. 2 is a top view of the automated tape cartridge 

increasing the overall storage density of the storage library module; 

library . The size of this operating envelope is dependent FIG. 3 is a cut away side view of the library module 
upon the size of the object that the robotic pick-and- ^ its assorted robotic arm assembly and tape car- 
place mechanism is designed to retrieve and deposit ^ e 

Since the magnetic tape cartridge will require a certain 50 . . fl , i . , 

amount of aria in order to be properly positioned for mQ ' 4 " a P«P«*v» view «>f the tape cartridge 

placement in a target device, the ideal robotic pick-and- storage cells; 

place mechanism will have an operating envelope the FIG - 5 is a perspective view of the robotic arm assem- 

same as or smaller than this area bly; 

The robotic pick-and-place mechanism must be con- 55 FIG. 6 is a perspective view of the robotic arm wrist 

figured to adapt easily to presently available robotic and finger assembly; 

arm assemblies. In addition, the reduced size and oper- FIG. 7 is an isometric view of the telescopic pick- 

ating envelope of the robotic pick-and-place mechanism and-place robotic mechanism of the present invention in 

must not interfere with the accuracy, speed, or other its My extended position; 

functional capabilities of the pick-and-place mechanism. 60 FIG. 8 is an exploded view of the pick-and-place 

SUMMARY OF THE INVENTION mechanism; 

The present invention is a telescopic robotic pick- FIG. 9 is a cross-sectional side view of the pick-and- 

and-place mechanism used for retrieving and replacing P 13 ** mechanism m its fully retracted position; 

magnetic tape cartridges. The present invention has a 65 F 10 - 10 » ^ isometric side view of the pick-and- 

cross-sectional area substantially equivalent to the area place mechanism in the fully retracted position; and 

taken up by a magnetic tape cartridge when it is rotated FIG. 11 is a side perspective view of the pick-and- 

through 360 degrees about its shortest axis. The present place mechanism in its fiilly retracted position. 
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DETAILED DESCRIPTION OF THE cussion below, reference to a single host computer, host 

PREFERRED EMBODIMENTS computer 101 will be discussed for simplicity. In opera- 

tion, a user operating host computer 101 requests access 

I. System Overview to data stored in a designated magnetic tape cartridge 

Referring to FIG. 1, a block diagram of an automated 5 which is stored in, for example, library module 111. 

data storage media cartridge library system 100 utilizing Host computer 101 translates the request for this data 

the present invention is illustrated. The automated data into an operator console tape mount request message, 

storage media cartridge library system ("Library Sys- Tape cartridge library software 109 and 110 reside on 

tern") 100 is implemented in the Automated Cartridge host computers 101 and 102, respectively. Tape car- 
System (ACS), manufactured by Storage Technology 10 tridge library software 109 and 110 function to interface 

Corporation, Louisville, Colo., U.S.A., and is fully de- the library system 100 in transparent fashion to host 

scribed in U.S. Pat Nos. 4,864,511 and 4,928,245 to computers 101 and 102. In the present example, this 

Moy et al., incorporated herein by reference in their function is accomplished by tape cartridge library soft- 

entirety. A plurality of host computers 101,102 are ware 109 which traps operator console messages from 
shown connected to the automated data storage media 15 host computer 101 and converts these console messages 

library system 100 by means of two types of paths: into magnetic tape cartridge retrieval commands. These 

control paths Pustxated by solid lines) and date .paths etic u ^4 retrieval c<)inmailds are then 

f ustrated b> ^dashed lines). Control paths 1«) 161 and traced ^ control path 162 to library management 

c^ta paths 175, 176 are described in more detarf below. ^ m mterface ^ m 

A plurality (up to 16) of host computers can be inter- 20 v M jL{j„ ino ,^ n * a : M0 n A *+~ 

connected to the automated data storage media car- u Tap f v"* 1 *** hb ™y *» contains a data- 

tridge library system 100, but only two ta ^°» 

101 and 102 are illustrated for simplicity. cartridge volume records the tope mount re- 

The library system 100 consists of a plurality ofele- q u ft operator console messages from host computer 

ments. Among these elements are included two auto- 25 10L Tn^ a retrieval request from host computer 

mated data storage media cartridge library modules 101 K mterce P ted °y cartridge library software 109 

("library modules'*) 111 and 112. Library modules 111 211(1 1156(1 to scan &e volume records to identify the 

and 112 each store a plurality of data storage media ^ct physical location of the requested magnetic tape 

cartridges (not shown), such as 18 track magnetic tape cartridge. Tape cartridge library software 109 deter- 
cartridges of the IBM 3480 type for use by host comput- 30 mines the exact physical location of the requested mag- 

ers 101, 102. Automated data storage media cartridge netic tape cartridge in one of the library modules 111 

library system 100 may contain up to 16 library mod- and 112, the availability of one of the tape drives 

ules, but only two library modules 111 and 112 are 141-144, and the identity of the library module that 

illustrated for simplicity. contains the requested magnetic tape cartridge. Tape 

Each of the library modules 111 and 112 stores up to 35 cartridge library software 109 then transmits control 

6,000 of the data storage media cartridges and contains signals over control path 160 via interface control unit 

a robot arm system that functions to retrieve and return 120 and data link 162 to library management unit 121 to 

the data storage media cartridges from media cartridge identify the location of the requested magnetic tape 

storage cells contained in the library module. After cartridge and the exact location of the destination tape 

retrieving the data storage media cartridges, the robot 40 drive. 

arm system loads the cartridges on media drive systems Library management unit 121 responds to the control 

^TJl 1710 ^ 1 /?^ 141-144 signals from tape cartridge library software 109 by de- 

attoched to each of library modules 111, 112. terminin a ath assA&tBmt fro m ^ ^ cartridge 

In ^the preferred embodiment, the mvenUon is imple- st ^ which ^ Tequested n^etictape 
mented in the environment of a library system which 45 to ^ designated tape drive. In thfexample, 
fSZ Sf^T T™™* 1 m f *e ^quested magnetiTtape cartridge is library module 
£™ SI in Z l!!t!f JST? to a HI, and the selective cartridge tarl drive *nt is tape 
person skilled inthe relevant art any type of storage drive 144, which is attached to libranr module 112. The 
media may be used in the present invention (for exam- J£* 7 . j . * „ ™r£ k 
pie, magnetic disk, optical disk, optical tape, eta). In 50 ^J^aiiagement umt 121 designates aU of the func- 
addition, in the preferred embodiment of Ae present ste P s * * ^ jibrary modules 111 and 112 
invention, media drive systems 141-144 are half-inch to the transfer of the requested magnetic tape 
tape cartridge drives compatible with IBM 3480 com- cartridge from the tape cartridge storage cell located in 
puter systems such as STK 4480 tape drives, manufac- kbrary module 111 to ±e selected tape drive unit 144 
tured by Storage Technology Corporation, Louisville, 55 located on Kbraf y module 1U - control signals are 
Colo., U.S A.. However, it should be understood that transmitted via control paths 160-163 to library control 
any corresponding media drive can be used to embody *^2 ^ la- 
this invention. In addition, multiple types of information library management unit 121 transmits control sig- 
storage volumes and corresponding media drives may nals over control path 163 to library control unit 122 to 
be used in the library system 100. 60 identify the exact physical location of the requested 

A system of control elements 120, 121,122, and 123 magnetic tape cartridge. The robot arm mechanism in 
are illustrated in FIG. 1 connected between host com- library module 111 is controlled by library control unit 
puters 101, 102 and each library module 111 and 112. 122 which translates the control signals received from 
The control elements illustrated in FIG. 1 operate to library management unit 121 into servo control signals 
control the robot arm mechanism in each of the library 65 to regulate the operation of the various servo systems of 
modules 111 and 112. Each of these control elements the robot arm mechanism in library module 111 Li- 
will be described in detail below with reference to the brary control unit 122 causes the robot arm in library 
overall operation of the library system 100. In the dis- module 111 to retrieve or return the requested magnetic 
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tape cartridge from a specific tape cartridge storage cell retrieved magnetic tape cartridge into the tape drive 
or media drive system in library module 111. where it can be read and the data transmitted to the 

The retrieved magnetic tape cartridge may be trans- requesting host computer, 
ported by me robot arm in library module 111 to library n A/1 , . 

module 112 by way of a pass-thru port 150. The pass- 5 iL L1Drar y Module 

thru port 150 is a mechanism that interconnects two A. Library Module Structure 

library modules and enables adjacent library modules to Referring to FIG. 2, a top view of library module 111 
pass retrieved magnetic tape cartridges back and forth utilizing the present invention is illustrated. FIG. 3 
between the library modules for loading on a designated illustrates a cut away side perspective view of the li- 
tape drive or for returning to the tape cartridge storage 10 brary module 111. The library module 111 is comprised 
array. generally of an exterior housing 200 which includes a 

In response to control signals from library control plurality of wall segments 221 attached to floor plate 
unit 122, the pass-thru port mechanism 150 intercon- 312 and ceiling plate 311, and disposed about a vertical 
nects library module 111 with library module 112. The axis A. Library module 111 also contains an inner wall 
robot arm mechanism in library module 111, in response IS 204 having an upper portion 306 which is suspended 
to the control signals from library control unit 122, from ceiling plate 311 and a lower portion 308 which is 
places the retrieved magnetic tape cartridge in the re- mounted upon floor plate 312. The upper portion 306 is 
served slot of pass-thru port mechanism 150. Upon the comprised of a plurality of upper segments 231 and the 
completion of the tape retrieval operation by library lower portion 308 is comprised of a plurality of lower 
module 111, library management unit 121 transmits 20 segments 232. 

control signals on control path 163 to library control The upper portion 306 and the lower portion 308 of 
unit 122 to activate pass-thru port mechanism 150. The inner wall 204 support an internal cylindrical array 201 
control signals instruct pass-thru port mechanism 150 to of tape cartridge storage cells centered about the verti- 
transport the retrieved magnetic tape cartridge to face cal axis A. An external cylindrical array 202 of tape 
the robot arm mechanism in library module 112. Li- 25 cartridge storage cells is concentrically arranged about 
brary management unit 121 then transmits control sig- the internal cylindrical array 201 and mounted on the 
nals on control path 163 to library control unit 123. wall segments 221 of the exterior housing 200. The 
Library control unit 123 responds to these control sig- twelve-sided arrangement of the library modules 111, 
nals by generating servo control signals to regulate the 112 provides great flexibility in configuring both the 
operation of the robot arm mechanism. These control 30 tape drive units as well as configuring a plurality of 
signals cause the robot arm mechanism in library mod- library modules in a juxtaposed arrangement, 
ule 112 to retrieve the magnetic tape cartridge placed in B. Tape Cartridge Storage Cells 
pass-thru port mechanism 150 by the robot arm in li- Library module 111 contains two concentrically- 
brary module 111. The magnetic tape cartridge is then arranged cylindrical arrays of tape cartridge storage 
placed by the robot arm in the tape drive 144 as desig- 35 cells. Referring to FIG. 4, an array 201 of magnetic tape 
nated by library management unit 121. cartridge storage cells is illustrated. The array 201 of 

The library system 100 contains independent data tape cartridge storage cells has a radius of curvature 
paths which are isolated from the control paths de- adapted to be mounted in the internal cylindrical array 
scribed above. The components which are associated 201 of library module 111. The tape cartridge storage 
with the reading and transmitting of data from the li- 40 cells on the external cylindrical array 202 are formed 
brary modules 111 and 112 to the host computers 101 _ with an opposite curvature than those on the internal, 
and 102 include tape drive units 141-144, data paths cylindrical array wall 201. All of the tape cartridge 
171-174, tape control units (TCUs) 131,132 and data storage cells in the internal 201 and external 202 cylin- 
links 175, 176. Each of these components will be de- drical arrays face each other so that the robot arm 230 
scribed in detail below with reference to the data re- 45 can retrieve and replace the magnetic tape cartridges 
trieval and transmission operation of the library system from either the interior 201 or the external 202 cylindri- 
100. cal array. 

In the example above, the retrieved magnetic tape Each tape cartridge storage cell of arrays 201,202 
cartridge is loaded, onto tape drive 144 where it is read consist of a bottom portion 402, a back portion 404, and 
in the usual fashion. Tape drive 144 then transmits the 50 intervening wall segments 406. Bottom portion 402 of 
data on data path 174 to tape control unit 131. The data the tape cartridge storage cells is angled downward, 
from tape drives 143 and 144 are multiplexed together front to back, so that a magnetic tape cartridge placed in 
in tape control unit 131 and transmitted over data link the tape cartridge storage cell tends to slide along bot- 
175 to host computers 101 and 102. The data from tape torn portion 402 into the tape cartridge storage cell. The 
drives 141 and 142 are multiplexed together in tape 55 wall segments 406 are adapted for access by the wrist 
control unit 132 and transmitted over data link 176 to and finger assemblies 240 of robot arm 230. 
host computers 101 and 102. Thus, the data which is Attachment means such as tabs 408, formed at the 
read from the retrieved magnetic tape cartridge and rear of the arrays 201,202 can be used to suspend the 
tape drive 144 are transmitted from tape drive 144 arrays 201,202 from the wall segments 221, 231 of li- 
through tape control unit 131 to host computer 101 60 brary module 111. 

without the library modules 111 and 112 being aware of The arrangement of tape cartridge storage cells is 
the destination of data. illustrated more clearly in FIG. 3 wherein the external 

In this fashion, a data retrieval request from a host cylindrical array 202 is illustrated along the periphery 
computer is translated into the identification of a desig- of library module 111. The internal cylindrical array 
nated magnetic tape cartridge. This magnetic tape car- 65 201 of tape cartridge storage cells is illustrated as com- 
tridge is automatically retrieved from its storage rack prising two separate segments or regions of sell arrays, 
and transported to a library module that contains an A cell array segment 302 of the internal cylindrical 
available tape drive. That library module then loads the array 201 is mounted on the lower portion 308 of inner 
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wall 204. An upper cell array segment 301 is mounted and finger assembly 240 which performs the magnetic 

on the upper portion 306 of inner wall 204. In this fash* tape cartridge retrieval and replace functions with the 

ion, an aperture is provided between the upper cell storage cells and stack loaders. The Z-mechanism 323 

array segment 301 and lower cell array segment 302 of provides a vertical range of motion for the wrist and 

the internal cylindrical array 201 so that robot arm 230 5 finger assembly 230 to access various vertical levels 

can rotate about the center pivot axis A without inter- (rows) of the tape cartridge storage cell arrays. Theta 

fering with any of the tape cartridge storage cells in the arm 321 locates the Z-mechanism 323 and its associated 

internal cylindrical array 201. wrist and finger assembly 240 in the proper location 

C. Tape Drive Unit (column) to access the tape cartridge storage cells. The 
The magnetic tape cartridges retrieved from the indi- 10 ro bot arm support column 322 includes a motor (not 

vidual tape cartridge storage cells are typically loaded shown) which causes theta arm 321 of the robot arm 

onto media drive systems 141, 142 so that the data con- assembly 230 to rotate about the pivot point A of the 

tamed on the magnetic tape stored in the magnetic tope robot ^ assembly 230 so that the robot arm assembly 

cartridge can be read by host computer 101 FIGS. 1 230 can access all of the tape cartridge storage cells 

f nd V" 0 *?* the Placement of two media dnve sys- 15 which m located b a ^ ^ ivot 

terns 141,142 on library module : 111 .The media dnve mt A . ^ ^e demfmts ^ ^ robot ^ a^jy 

systems ; are ^shown attached to two of Ae twelve exte- m operate to access each and every 

nor walls 202 of hbrary module 111. Within ^eachmedia st0 ^ m me J£ e ^ module m . ^ 

dnve system is located a plurality of individual tape ^,JL ^„ m \ ^ii:' _v „r . • „ 

loader 221 Tape drive 211 and stack loader 221 are ^ 122 * ^ f f 75? 
located in the media drive system 141 to illustrate the ^ capable of acc«smg each of the 
orientation with respect to robot arm 230 and cylindri- 25 approximately 6,000 tape cartridge storage cells in Il- 
eal arrays 201,202 of tape cartridge storage cells. A br ^L m ^ e J 11 ; . . AG u1 ^ n 
segment of the tape cartridge storage cells I removed , ^ i 6 f^T 7? ™* ^f^^ *S 
from outer cylindrical array 202. This provides an aper- 15 tocatod at the end of theta arm 321. The wnst and 
ture through which the front loading door opening of ^ ssembl y 240 consists of a plurality of mecha- 
stack loader 221 protrudes. It protrudes a sufficient 30 ^f* P^ 0 ™ roU reach Actions for the 
distance so as to be lined up with the surrounding stor- robot 31111 assembl > r ^ The magnetic tape cartridge 
age cell arrays. The robot arm 230 can thereby load or 0311 be rotated trough a full 360 degree rotation about 
unload a magnetic tape cartridge into stack loader 221 ^ e Pick-and-place axis B by a roll mechanism which 
with the same or similar range of motion as the replace- implements the wrist function. The magnetic tape car- 
ment of a magnetic tape cartridge into one of the indi- 35 may also be rotated about the Z-axis to access the 
vidual storage cells in the tape cartridge storage cell ma y 201 311(1 outer 0611 ana y 202 shown in 
arrays. FIG. 5. 

A side view of media drive system 141 is shown in A vision system 600 is located on top of the wrist and 

FIG. 3 wherein two of the tape drives 211, 313 and their finger assembly 240 and is focused at a predetermined 

associated stack loaders 221,320 are shown stacked one 40 Stance in front of the wrist and finger assembly 240. 

above the other in a vertical alignment within media Th e point of focus of vision element 606 coincides with 

drive system 141 illustrated in FIG. 2. The orientation the position of a niachine readable label on the end of 

of the stack loaders 221, 320 and their respective tape ^ magnetic tape cartridge stored in the magnetic tape 

drives 211,313 is such that a magnetic tape cartridge is cartridge storage cell. In order to enable vision element 

placed into the stack loader on an angle similar to that 45 to read the label on the magnetic tape cartridge, a 

of the individual tape cartridge storage cells. The only source of iUumination is provided. The source of illumi- 

difference is that the stack loaders 221,320 require a nation consists of a pair of lamps 602, 604 arranged one 

horizontal loading of the magnetic tape cartridge while on either side of the vision element 606 and aligned in 

the tape cartridge storage cells store the magnetic tape substantially the same orientation as vision element 606. 

cartridges in a vertical alignment. Thus the robot arm 50 The lamps 602, 604 are directed so that the light beams 

230 in retrieving a magnetic tape cartridge from an emanating from these two lamps cross at a point in the 

individual tape cartridge storage cell and loading it into line of sight of the vision elements 606, which point 

a media drive system 141 must rotate the magnetic tape coincides with the location of the label on the end of the 

cartridge through a 90° angle for proper orientation for magnetic tape cartridge. 

loading into the tape drives 211, 313. 55 The two lamps 602, 604 serve to illuminate the label 

D. Robotic Arm Assembly on the magnetic tape cartridge sufficiently so that vision 
FIGS. 2, 3 and 5 illustrate a top view, side view, and element 606 can accurately read the machine readable 

perspective view of the robot arm assembly 230 of li- characters on the label The vision system 600 is also 
brary module 111. Robot arm assembly 230 consists of a used for the purpose of calibrating the alignment of 
plurality of cooperating mechanisms which provide a 60 telescopic pick-and-place mechanism 700 and the tape 
moveable arm for retrieving magnetic tape cartridges cartridge storage cells. A calibration system used in 
from their individual storage cells. The robot arm as- conjunction with the present invention is described in 
sembly 230 consists of a theta arm 321 rotatably U.S. Pat No. 4,908,777 to Wolfe, herein incorporated 
mounted on a support column 322 which is attached to by reference in its entirety. Another calibration system 
the floor plates 312 of library module 111. The robot 65 used in conjunction with the present invention is de- 
arm assembly 230 includes a Z-mechanism 323 attached scribed in U.S. Pat No. 5,034,904 to Moy, herein incor- 
to the end of theta arm 321 remote from support column porated by reference in its entirety. 
322. The Z-mechanism 323 has coupled thereto a wrist m. Telescopic Pick-And-Place Mechanism 
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Referring to FIGS. 7-11, the telescopic pick-and- provide the same single-axis limitation of relative move- 
place robotic mechanism ("pick-and-place mecha- ment would be apparent to a person of ordinary skill in 
nism") 700 of the present invention is illustrated. The the relevant art. For example, roller bearings in a slider 
pick-and-place mechanism 700 is designed to extend configuration may be used to achieve this same single- 
from the wrist and finger assembly 240 to reach, grasp, 5 axis movement. In addition, the rail and track system of 
and retrieve a magnetic tape cartridge stored in a tape the present invention may be implemented in a different 
cartridge storage cell, tape drive, or other device, grasp. fashion than that described above and shown in FIGS. 
Pick-and-place mechanism 700 also performs the re- 7 and 8. For example, base plate 702 may contain tracks 
verse function of depositing a magnetic tape cartridge rather than rails 738 and intermediate slider plate could 
into the storage cell, tape reading device, etc. 10 contain rails rather than tracks 708. As a result, plates 

As will be explained in detail below, and would be 702, 704, and 706 may contain any combination of rail 
apparent to a person skilled in the relevant art, pick- and tracks as necessary to optimize the design of a par- 
and-place mechanism 700 may be used with any type of ticular implementation. 

robotic arm assembly required to perform retrieval/re- Referring to FIGS. 9-11, various views of pick-and- 
placement functions. Pick-and-place mechanism 700 15 p ] ace me chanism 700 in the fully retracted position are 
may also be used in any automated library system other in ust rated. When pick-and-place mechanism 700 is in 
than the ACS system manufactured by Storage Tech- ^ My retracted position, the intermediate slider plate 
nology Corporation and described above. Also, imple- 704 md main slider plate 706 are positioned over the 
mentation of the pick-and-place mechanism 700 to re- base late 702 . since each of these plates is approxi- 
tneve or replace objects other than rnagnetic tape car- 20 mate i y the same size as the magnetic tape cartridge 712, 
tndges would also be apparent to one skilled in the ^ size of the fully retracted p^k-and-^acc mechanism 
rekvant art This mc udes other types of data storage m h ^ * ^ siz / of ^ 

media volumes as well as objects unrelated to data stor- tape cartridge 712 

A/Telesco *c Plates 25 *° on * er t0 acn * eve tnis reduced size, the intermediate 

FIG. 7 mustrates the pick-and-place mechanism 700 fder plate 704 and the base plate 702 must be designed 
of the present invention in its folly extended position. * e ™ bl * SUI ? ace 742 of ^nnediate shder plate 704 
FIG. 8 illustrates an exploded view of the pick-and- to ^ °* er *"? ^ gean (discjwcd below) 
place mechanism 700. The preferred embodiment of the a f^ hed to base P kte ; 702 * * ^ P refe ™* embodiment 
present invention is comprised of three plates of approx- 30 °[ Present mvention, base plate rads 738 are raised 
imately equivalent size. The plates are the base plate above ^ surface 744 of base P late m Smce ^ base 
702, intermediate shder plate 704, and main shder plate P? ate 73 * travel in base plate tracks 708 of intenne- 

diate shder plate 704, this places the base plate surface 
Tie lowest plate, base plate 702, is the plate by which 744 in a lower position relative to the intermediate 
pick-and-place mechanism 700 is attached to the wrist 35 shder P Iate surface 742. 

and finger assembly 240. The base plate 702 does not As shown in FIG. 7, the intermediate shder plate 
move relative to the wrist and finger assembly 240 dur- surface 742 extends further from the base plate 702 than 
ing the operation of pick-and-place mechanism 700. The ^ main P Iate surface 746. As a result, the inter- 
base plate 702 behaves as a stationary base from which mediate shder plate surface 742 comes into contact with 
the remaining pick-and-place mechanism assembly op- 40 and supports the magnetic tape cartridge 712 when the 
erates. The base, however, does not necessarily have to magnetic tape cartridge 712 is placed in the pick-and- 
be a plate similar to the shder plates 704,706. The base P 1 ^ mechanism 700. The intermediate shder plate 
may take forms other than base plate 702 which meet surface 742 is raised to be co-planar with the main shder 
the needs of a particular application. Base plate 702 has P ,ate surface 746. As a result, both the main shder plate 
rails 738 and access holes (not shown), both of which 45 surface 746 and the intermediate shder plate surface 742 
are described in detail below. worfc together to support the magnetic tape cartridge 

Intermediate shder plate 704 has base plate tracks 708 when the pick-and-place mechanism 700 is in a 

designed to accept the base plate rails 738 of base plate substantially extended position. 
702. Base plate tracks 708 restrict the travel of the inter- B. Telescopic Plate Control 

mediate shder plate 704 relative to base plate 702 to 50 The intermediate shder plate 704 travels in the pick- 
movement along pick-and-place axis B in FIG. 7. The and-place axis A using the rail and track method de- 
intermediate shder plate 704 also has main shder plate scribed above. Intermediate shder plate 704 extends and 
tracks 710 designed to accept the main shder plate rails retracts based on the rotational movement of the inter- 
802 (see FIG. 8) of main shder plate 706. The intermedi- mediate shder plate drive gear 720. Intermediate shder 
ate shder plate tracks 7 10 work in conjunction with the 55 plate drive gear 720 is mounted on the top surface 744 of 
main shder plate rails 802 to restrict the travel of the base plate 702 in a manner that enables intermediate 
main shder plate 706 relative to the intermediate shder shder plate drive gear 720 to rotate in a plane parallel to 
plate 704 to movement along pick-and-place axis A. the base plates surface 744. Intermediate shder plate 
The intermediate shder plate 704 and the main shder drive gear 720 rotates freely on base plate 702 under the 
plate 706 extend and retract relative to the position of 60 control of a drive mechanism (not shown) discussed 
base plate 702, forming a telescopic extension wherein below. An intermediate shder plate cam follower 722 is 
each of the plates 702, 704, 706 forms a section of the mounted on the top surface of the intermediate shder 
telescopic pick-and-place mechanism 700. As shown, in plate drive gear 720. This intermediate shder plate cam 
the preferred embodiment of the present invention, a follower 722 travels in a rotational manner as the inter- 
rail and track system is used to achieve the telescopic 65 mediate shder plate drive gear 720 rotates. The interme- 
movement of the plates relative to each other to restrict diate shder plate 704 has an intermediate shder plate 
that movement to a single axis. However, implementa- cam follower track 724 configured to accept the inter- 
tion of other types of linear sliding mechanisms which mediate slider plate cam follower 722. 
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The height of the intermediate slider plate cam fol- mediate drive gear 740. In the preferred embodiment of 
lower is determined by the distance between the base the present invention, servo motor 902 is used to control 
plate surface 744 and the intermediate slider plate sur- pick-and-place mechanism 700. However, as would be 
face 742. As the intermediate slider plate drive gear 720 apparent to one skilled in the relevant art, any type of 
rotates, the intermediate slider plate cam follower 722 5 drive mechanism which provides the necessary rota- 
travels in the intermediate slider plate cam follower tional force for a given application may be used, 
track 724, causing intermediate slider plate 704 to travel The servo motor 902 which controls the pick-and- 
along the pick-and-place axis relative to the base plate place mechanism 700 is typically one of many servo 
702. The intermediate slider plate cam follower track systems on a given robot arm assembly. In the preferred 
724 is positioned on the intermediate slider plate 704 and 10 embodiment of the present invention, pick-and-place 
is of the necessary length, such that the intermediate mechanism 700 is controlled by the library control unit 
slider plate cam follower track 724 does not inhibit the 122 which translates the control signals received from 
movement of the intermediate slider plate cam follower me ]i brary management unit 121 into servo control 
722 as the intermediate slider plate cam follower 722 ^glials t0 regu late the operation of pick-and-place 
rotates a complete 360°. 15 mechamsm 700. However, as would be apparent to one 

The mam slider plate 706 also travels in the pick-and- of or(miar y sW. in the relevant art, pick-and-place 
place axis A using the rail and track method described mechanism 700 may be controlled by any type of servo 
above. Mam slider plate 706 extends and retracts based ^ver circuit or computer based processor, 
on the rotanonal movement of the mam shder plate ^ tical seDSQT ?32 k attache<J to ^ base ^ 
d ™ cam H\ Mam shder plate drive cam 714 is 20 surface 744 md ^ ^tioned above main shder plate 
mounted on the top su^ ^ ?14 Maifl ^ ^ ^ V e «un 714 has a slot 

ama^erthatenablesm^^ ?28 . itioned such ^ tical seDSQT 732 

rotate m a plane parallel to the base plate surface 744. . , . c ^~Z„„ ^ elrtt -? Q oc . *uJL~t~ «- 
Main slider plate drive cam 714 rotates freely on base t &ep*ssa&e of slot 728 as the mam shder plate 
plate 702 under the con^oTof a Sve mechanism (Z 25 J™ J"™ * |*? Preferred <mi^ent of 
shown) discussed below. A main slider plate cam Vol- * e mv <?* 0 *' ° pt *^ ""S ftt zsso ^f 

lower 716 is mounted on the top surface of the main ** 728 " used * * e !?* P°. sitl0n of ^ Pick-and- 
slider plate drive cam 714. This main shder plate cam place mechanism 700. However, implementation of any 
follower 716 travels in a rotational manner as the main 0/ position detection system would be apparent to 

sliderplate drive cam 714 rotates. The main slider plate 30 one °f °[ dmar y ****** relevant art. For example, 
706 has a main shder plate cam follower track 718 con- electocal contact switches may be used, 
figured to loosely accept the niain slider plate cam fol- D C^dp Holo^g Mechanism 
lower 716. Mam shder plate 706 has mountmg pivots 736 for the 

The height of main shder plate cam follower 716 is left md P^ch roUer a™ 5 * m ^ P mch roller 
determined by the distance between the base plate sur- 35 axmB 734 hoId P mch roUers 732 which are used to 
face 744 and the main shder plate surface 746. As the ^e 311 object such as magnetic tape cartridge 712 in 
main shder plate drive cam 714 rotates, the main shder and out of pick-and-place mechanism 700. 
plate cam follower 716 travels in the main shder plate ^ P mcn roller 311115 734 hold pinion gears 908 
cam follower track 718, causing main shder plate 706 to attached to the bottom of pinch rollers 732. Pinch rol- 
travel along the pick-and-place axis relative to the inter- 40 lers 732 311(1 pinion gears 908 rotate freely in pinch roller 
mediate shder plate 704. The main slider plate cam 8X10 73 *- Pinion gears 908 mesh with rack gears 730 
follower track 718 is positioned on the main shder plate which are located on the intermediate shder plate 704. 
706 and is of the necessary length such that the main The pinion gears 908 and the rack gears 730 form a rack 
shder plate cam follower track 718 does not inhibit the 311(1 pinion gear pair which operates to cause the motion 
movement of the main shder plate cam follower 716 as 45 °f ^e magnetic tape cartridge 712 based on the relative 
the main shder plate cam follower 716 rotates a com- position of main shder plate 706 and intermediate shder 
plete 360% plate 704. The pinch roller pinion gears 908 are pre- 

C. Cam and Gear Control loaded (forced) into the rack gears 730 by arm springs 

Referring to FIGS. 9 and 11, a cross-sectional and 904 to maintain gear mesh when the tape cartridge 
perspective view of the pick-and-place mechanism 700 50 assembly 712 is not present between the pinch rollers 
in its fully retracted position is illustrated. Servo motor 7 32. The rack gears 730 on intermediate slider plate 704 
902 controls the extension and retraction of pick-and- have gear teeth on two sides of its rectangular edge, the 
place mechanism 700. Servo motor 902 is positioned inner side and the front side. The angle between the 
beneath base plate 702. Servo motor 902 is coupled to, inner side and the front side of rack gear 730 is rounded 
and controls, the rotation of the main shder plate drive 55 to form a continual sequence of gear teeth with no 
cam 714 by drive shaft 906. abrupt change in direction. In other words, the two 

Drive shaft 906 extends from servo motor 902 sides of rack gear 730 which have gear teeth are ovular, 
through an access hole in the base plate surface 744 (not The spacing between the pinch rollers 732 and the 
shown) and is fixedly attached to an intermediate drive resulting grip on the magnetic tape cartridge 712 is 
gear 740. Drive shaft 906 is the means by which the 60 determined by the location of the pinion gears 908 on 
servo motor 902 transfers a rotational force to the inter- the rack gears 730. The pinion gears 908 maintain a 
mediate drive gear 740. Intermediate drive gear 740 has constant pressure against rack gears 730 due to the 
a smaller radius than main slider plate drive cam 714 presence of the pinch roller arm preload springs 904. 
and is positioned between the main shder plate drive When the main shder plate 706 reaches its fully ex- 
cam 714 and the base plate surface 744. Intermediate 65 tended position, the pinion gears 908 travel from the 
shder plate drive gear 720 and intermediate drive gear inner side to the front side of rack gears 730. The pinion 
740 are positioned such that intermediate shder plate gears maintain contact with the gear teeth of the rack 
drive gear 720 is meshed with and controlled by inter- gears 730 causing the pinch roller arms 734 to pivot on 
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the mounting pivots 736, thereby separating pinch rol- the servo motor 902 will cause the main slider plate 706 

lers 732 from each other. to travel along main slider plate tracks 710 and extend 

When magnetic tape cartridge 712 is gripped by away from intermediate slider plate 704. Simulta- 

pinch rollers 732, the pinch rollers 732 cause the mag- neously, the intermediate slider plate 704 will travel 

netic tape cartridge 712 to translate along the pick-and- 5 along rails 738 and extend away from base plate 702. As 

place axis as the pinion gears 908 travel along rack gears the main slider plate 706 travels along main slider plate 

730. This feature of the present invention eliminates the tracks 710, the pinion gears 908 travel along the rack 

need for an additional servo mechanism to drive the gears 730. As the pinion gears 908 travel along the rack 

cartridge holding mechanism. This in turn reduces the gear 730, the pinch rollers 732 extend out and away 

size, weight, and complexity of the pick-and-place 10 from the robotic pick-and-place mechanism 700. At the 

mechanism 700. point at which the pinch rollers 732 are fully extended 

In the preferred embodiment of the present invention, outwards around the magnetic tape cartridge 712, the 

the cartridge holding mechanism uses hinged pinch intermediate slider plate 704 and main slider plate 706 

rollers controlled by rack and pinion gears. However, are substantially near the end of their stroke, and their 

implementation of other types of robotic gripping 15 associated cam followers are at an angular displacement 

mechanisms which are capable of performing the grip- of approximately 180° from their starting positions. As 

ping, releasing, and translation functions in a manner the servo motor 902 rotates an additional 180°, the 

which meets the needs of a particular application would pinch rollers 908 close onto the magnetic tape cartridge 

be apparent to one skilled in the relevant art. 712 as the pinion gears 908 travel from the front side to 

E. Design Considerations 20 the inner side of rack gears 730. As the pick-and-place 
There are a number of operational and design consid- mechanism 700 continues to retract, the pinch rollers 

erations which must be considered when adapting the 732 pull the magnetic tape cartridge 712 back onto the 
pick-and-place mechanism 700 to a particular applica- intermediate slider plate surface 742. In this manner, the 
tion. For example, the distance of travel of each slider pinch roller 732 and intermediate slider plate 704 work 
plate 704, the point at which the pinch rollers 732 open 25 together to achieve the necessary translation of mag- 
to receive an object, the position of the object in pick- netic tape cartridge 712 on to pick-and-place mecha- 
and-place mechanism 700, and the velocity at which the nism 700. 

object may be retrieved must be considered. During a place stroke, servo motor 902 rotates in a 
The distance each slider plate travels, referred to as counterclockwise direction causing the intermediate 
the stroke, is determined by the placement of the associ- 30 slider plate 704 and main slider plate 706 to push the 
ated cam follower on its rotating cam or gear. As one of object out of the pick-and-place mechanism 700 and 
ordinary skill in the relevant art would know, the radius into a remote position. As the servo motor 902 rotates, 
at which the cam follower is located on the cam or gear the pinion gears 908 rotate against the rack gears 730 on 
determines the amount of stroke of the associated slider the intermediate slider plates 704, translating the mag- 
plate. Particularly, the stroke of a slider plate is twice 35 netic tape cartridge 712 out of the pick-and-place mech- 
the radius of its associated cam follower. As a result, the anism 700. At the same time, intermediate slider plate 
stroke and movement of intermediate slider plate 704 704 is extending away from base plate 702 and assisting 
and main slider plate 706 may be different in the translation of the magnetic tape cartridge 712. 

The relative rotational angle between the main slider Eventually, the pinion gears 908 rotate from the inner 

plate cam follower 716 and the intermediate slider plate 40 side to the front side of rack gears 730, thereby opening 

cam follower 722 is referred to as the lead angle. In the outwards and releasing the magnetic tape cartridge 712. 

preferred embodiment of the present invention, the lead As the servo motor 902 continues to rotate in the 

angle between the main slider plate cam follower 716 counterclockwise direction, the intermediate slider 

and the intermediate slider plate cam follower 722 is 9°. plate 704 and main slider plate 706 retract towards the 

That is, when the intermediate slider plate 704 and the 45 base plate 702. Simultaneously, the pinion gears 908 

intermediate slider plate cam follower 722 is in the 0° travel back along the inner side of rack gears 730, clos- 

position, the main slider plate cam follower 716 is in the ing the pinch rollers 732. At the end of the place stroke, 

9* position in a clockwise direction. This 9° angular the pick-and-place me chanis m 700 is again in its fully 

displacement determines the relative position of the retracted position. 

pinion gears 908 on the rack gears 730 for a given rela- 50 In the preferred embodiment of the present invention, 

tive position of intermediate slider plate 704 and main three plates have been used, of which two move relative 

slider plate 706. This enables the designer to determine motion to the third. However, more or less plates may 

at which point in the extension and retraction of pick- be used depending on the particular application in 

and-place mechanism 700 the pinch rollers 732 will which the pick-and-place mechanism 700 would be 

open to receive or close to grip the magnetic tape car- 55 used. Since each slider plate has an associated gear or 

tridge 712. cam coupled to the base plate 702, the number of plates 

The position of the magnetic tape cartridge 712 and which may be added to pick-and-place mechanism 700 

the velocity of its translation are determined by the is limited by the size of the base plate 702 and the gears 

displacement angle described above, the gear ratio of and cams which are coupled to it. These in turn will 

the pinch roller pinion gears 908 and rack gears 730, and 60 determine the amount of stroke which will be achieved 

the characteristics of the servo motor 902. by the slider plates 702, 704 as described above, the 

F. Pick-and-Place Mechanism Operation stroke of a given slider plate is limited by the radius of 
A pick stroke (to retrieve an object) or a place stroke travel of its associated cam follower. 

(to replace an object) is achieved by rotation of the While various embodiments of the present invention 

servo motor 902 in the proper direction. Clockwise 65 have been described above, it should be understood that 

rotation of the servo motor 902 (as viewed from the top) they have been presented by way of example, and not 

will accomplish a pick stroke. In the preferred embodi- limitation. Thus, the breadth and scope of the present 

ment of the present invention, a 180° clockwise turn of invention should not be limited by any of the above- 
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described exemplary embodiments, which should be 
defined only in accordance with the following claims 
and their equivalence. 
What is claimed is: 

1. A telescopic pick and place robotic apparatus, 5 
comprising: 

a base; 

a slider plate having first and second major faces; 

coupling means for coupling said slider plate to said 
base and for allowing said slider plate to telescopi- 10 
cally extend and retract relative to said base along 
an axis, said axis being substantially parallel to said 
first and second major faces; 

gripper means, mounted on said slider plate, for selec- 
tively grasping and translating an object along said IS 
axis onto and off of said first major face of said 
slider plate, including, 

a first rack and pinion gear pair, said first rack gear 
coupled to said base and said first pinion gear cou- 
pled to said slider plate, 20 

a first pinch roller coupled to said slider plate by a 
first spring-loaded arm and rotatably driven by said 
first pinion gear, 

a second rack and pinion gear pair, said second rack 
gear coupled to said base and said second pinion 25 
gear coupled to said slider plate, and 

a second pinch roller coupled to said slider plate by a 
second spring-loaded arm and rotatably driven by 
said second pinion gear, 

wherein said first and second pinch rollers are rotated 30 
respectively by said first rack and pinion gear pair 
and said second rack and pinion gear pair when 
said slider plate is translated relative to said base 
along said axis; and 

translating means for translating said slider plate 35 
along said axis. 

2. The apparatus of claim 1, wherein said coupling 
means comprises a rail and track assembly. 

3. The apparatus of claim 2, wherein said translating 
means comprises: 40 

driver means coupled to said base for producing a 
rotational force; and - ______ 

crank and slider means for converting said rotational 
force to a linear force to translate said slider plate 
along said axis. 45 

4. The apparatus of claim 3, wherein said crank and 
slider means comprises: 

cam means coupled to said base and driven by said 
driver means; 

a cam follower connected to said cam means; and 50 
a cam follower track in said slider plate, configured to 
receive said cam follower. 

5. The apparatus of claim 4, further comprising: 
control means for controlling operation of said driver 

means. 55 

6. The apparatus of claim 5, further comprising: 
position detection means for detecting a relative posi- 
tion of said slider plate with respect to said base and 
for producing a signal indicating said position. 

7. The apparatus of claim 6, wherein said driver 60 
means comprises a servo motor. 

8. A telescopic pick and place robotic apparatus, 
comprising: 

a base; 

a plurality of slider plates, each having first and sec- 65 

ond major faces; 
coupling means for coupling each of said slider plates 

to said base and for allowing said slider plates to 



telescopically extend and retract relative adjacent 
slider plates and to said base along an axis, said axis 
being substantially parallel to said first and second 
major faces; 

gripper means, mounted on at least one of said slider 
plates, for selectively grasping and translating an 
object along said axis onto and off at least one of 
said slider plates; and 

translating means for translating said plurality of 
slider plates along said axis induding, 

driver means coupled to said base for producing a 
rotational force, and 

crank and slider means for converting said rotational 
force to a plurality of linear forces, each of said 
linear forces to translate a respective one of said 
plurality of slider plates along said axis, said crank 
and slider means having, 

plurality of cam means coupled to said base and 
driven by said driver means 

a plurality of cam followers connected to each of 
said plurality of cam means, and 

a plurality of cam follower tracks, each of said 
plurality of cam follower track in a respective 
one of said plurality of slider plates and config- 
ured to receive a respective one of said plurality 
of cam followers. 

9. The apparatus of claim 8, wherein said coupling 
means comprises a rail and track assembly. 

10. The apparatus of claim 9, wherein said gripper 
means comprises: 

a first rack and pinion gear pair, said first rack gear 
coupled to a first slider plate and said first pinion 
gear coupled to a second slider plate; 

a first pinch roller coupled to said second slider plate 
by a first spring-loaded arm and rotatably driven 
by said first pinion gear; 

a second rack and pinion gear pair, said second rack 
gear coupled to said first slider plate and said sec- 
ond pinion gear coupled to said second slider plate; 
and 

a second pinch roller coupled to said second slider 
plate by a second spring-loaded arm and rotatably 
driven by said second pinion gear; 

wherein said first and second pinch rollers are rotated 
respectively by said first rack and pinion gear pair 
and said second rack and pinion gear pair when 
said second slider plate is translated relative to said 
first slider plate along said axis. 

11. The apparatus of claim 10, further comprising: 
control means for controlling operation of said driver 

means. 

12. The apparatus of claim 11, further comprising: 
position detection means for detecting a relative posi- 
tion of said plurality of slider plates with respect to 
said base and for producing a signal indicating said 
position. 

13. The apparatus of claim 12, wherein said driver 
means comprises a servo motor. 

14. A telescopic pick and place robotic apparatus, 
comprising: 

abase; 

a plurality of slider plates, each having first and sec- 
ond major faces; 

a rail and track assembly configured to couple each of 
said plurality of slider plates to said base and for 
allowing said slider plates to telescopically extend 
and retract relative to adjacent slider plates and to 
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said base along an axis, said axis being substantially 
parallel to said first and second major faces; 

gripper means for selectively grasping and translating 
an object along said axis onto and off at least one of 5 
said slider plates, said gripper means including, 

a first rack and pinion gear pair, said first rack gear 
coupled to a first slider plate and said first pinion 
gear coupled to a second slider plate, 10 

a first pinch roller coupled to said second slider plate 
by a first spring-loaded arm and rotatably driven 
by said first pinion gear, 

a second rack and pinion gear pair, said second rack 
gear coupled to said first slider plate and said sec- 
ond pinion gear coupled to said second slider plate, 
and 
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a second pinch roller coupled to said second slider 
plate by a second spring-loaded arm and rotatably 
driven by said second pinion gear, 

wherein said first and second pinch rollers are rotated 
respectively by said first rack and pinion gear pair 
and said second rack and pinion gear pair when 
said second slider plate is translated relative to said 
first slider plate along said axis; and 

translating means for translating said plurality of 
slider plates along said axis, said translating means 
including, 

driver means coupled to said base for producing a 
rotational force, and 

crank and, slider means for converting said rotational 
force to a plurality of linear forces, each of said 
linear forces to translate a respective one of said 
plurality of slider plates along said axis. 
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